Abstract. Leptospirosis is a zoonotic disease of worldwide distribution caused by spirochetes of the genus Leptospira. Humans are infected through direct contact with infected animals or through exposure to fresh water or soil contaminated by infected animal urine. Leptospirosis is characterized by acute fever that can be followed by a more severe, sometimes fatal illness that may include jaundice and renal failure (Weil's disease), meningitis, myocarditis, hemorrhagic pneumonitis, or hemodynamic collapse. To identify potential risk factors for leptospirosis in Thailand, we conducted a matched case-control study in Nakornratchasrima Province of the northeastern region. Fifty-nine cases and 118 controls were included in the study. Four activities in the two weeks prior to illness were independently associated with leptospirosis infection: walking through water (odds ratio [OR] ϭ 4.9, 95% confidence interval [CI] ϭ 1.7-14.1), applying fertilizer in wet fields for more than 6 hr a day (OR ϭ 3.4, 95% CI ϭ 1.5-7.8), plowing in wet fields for more than 6 hr a day (OR ϭ 3.5, 95% CI ϭ 1.1-11.6), and pulling out rice plant sprouts in wet fields for more than 6 hr a day (OR ϭ 3.1, 95% CI ϭ 1.02-9.3). Identification of these risk factors on admission might prove useful for early diagnosis and treatment of leptospirosis in Thailand.
INTRODUCTION
Leptospirosis is a zoonotic disease found worldwide. Many wild and domestic animals are potential reservoirs for the Leptospira species. Transmission usually results from direct or indirect exposure to the urine or other body fluids of leptospiruric animals. 1 Indirect exposure occurs via contact with contaminated water and soil. Direct exposure occurs among veterinarians and other persons working with livestock and wild animals. Leptospirosis can enter the body through breaks in skin, intact skin, mucosa (including the respiratory tract), and conjunctiva. 2 Common source outbreaks have been reported following swimming in and drinking contaminated water. [3] [4] [5] Certain occupational groups, including rice-farmers, fishermen, sugarcane workers, sewer workers, and military personnel, are considered to be at increased risk of leptospirosis. [6] [7] [8] [9] In Thailand, leptospirosis is a reportable disease; and a case of leptospirosis is defined as a patient presenting with at least fever, myalgias, and headache and having a positive test result for anti-leptospiral antibodies by a microagglutination test (single titer of 1:400 or a four-fold increase in paired serum samples). Cases are reported from district hospitals to provincial public health centers, and on to the Thai Ministry of Public Health (MOPH). Between 1982 and 1995, the annual number of leptospirosis cases reported in Thailand ranged from 55 to 272 cases per year, resulting in an incidence of 0.3/100,000. During this period, small outbreaks were reported in Bangkok and southern provinces following flooding. In 1997, 2,334 cases (incidence ϭ 3.3/ 100,000) including 111 deaths (case-fatality rate [CFR] ϭ 4.8%) were reported from 15 provinces in the northeastern region. 10 In 1998, outbreaks of leptospirosis occurred in the northeastern (including our study site: Nakhornratchasrima Province), north, and central provinces; 2,229 cases and 102 deaths (CFR ϭ 4.6%) were reported.
To identify potentially modifiable risk factors for leptospirosis in Thailand, in August 1998, the Thai MOPH and Royal Thai Army conducted a matched case-control study.
The study was conducted in Nakornratchasrima Province, a province in the northeastern region, which had an ongoing epidemic of leptospirosis. We report here on the findings of that study.
MATERIALS AND METHODS
Study site. Nakhornratchasrima Province is the largest in the northeastern region, and it is located approximately 250 km from Bangkok. It is divided into 24 districts with a total population of 2.5 million. The majority of the population is engaged in farming. The incidence of leptospirosis in this province in 1997 was 16 per 100,000 population.
Case definition. For this study, a suspect case was defined as a resident of Nakornratchasrima Province greater than 15 years old who presented to the community or provincial hospitals between August 22 and December 31, 1998 with fever, headache, and myalgias. A confirmed case was defined as a suspect case with a positive test result for anti-leptospiral IgM antibody using the Panbio enzyme-linked immunosorbent assay (ELISA) (Panbio, Inc, Brisbane, Australia).
Case-control study. From August 22 through December 31, 1998, medical doctors at community hospitals and the provincial hospital in the province of Nakornratchasrima were requested to identify leptospirosis patients for enrollment in a matched case-control study. Controls were matched to confirmed patients by gender, age (Ϯ 5 years), and neighborhood of residence. We attempted to identify two controls for each case. Controls were identified from the neighboring household of each case from the same village. If an appropriate age and sex matched control was unavailable in that house, the next house was chosen. Any control with a history of illness in the 30 days before the interview, or any control that tested positive for anti-leptospiral IgM antibodies, was excluded.
A standardized questionnaire was used to collect information on activities associated with water and animals (i.e., fishing and rice farming, and other activities), environmental conditions of houses, and environmental conditions of work- Rice activities without boots Plowing in wet field Ͼ 6 hr/day Walking through water Fertilizing in wet field Ͼ 6 hr/day Pulling out sprouts in wet field Ͼ 6 hr/day Transplanting sprouts in wet field Ͼ 6 hr/day Cut wound on feet and exposure through water or mud Fish net casting without boots in static water Sowing rice seeds in wet field Ͼ 6 hr/day Keeping pet dog 24 (41) 17 (29) 42 (71) 33 (56) 18 (31) 22 (37) 14 (24) 10 (17) 7 (12) 18 (31) 26 (24) 9 (9) 46 (42) 26 (24) 11 (10) 16 (15) 10 (9) 10 (9) 12 (11) 52 ( ing fields. We also conducted an environmental survey at the patient and control houses and places of work. This project was reviewed by the Human Subjects Coordinator at the National Center for Infectious Diseases (Centers for Disease Control and Prevention) and determined to be a public health response that did not require Internal Review Board review.
Clinical review. Signs and symptoms among the suspected patients were summarized and compared to the signs and symptoms of confirmed patients from Nakornratchasrima Province.
Laboratory studies. Blood was collected from each suspected patient and from each control and allowed to coagulate for at least 3 hr at 10ЊC. Samples were centrifuged, and the serum was separated. Serum samples were kept frozen until testing. Serum samples were evaluated for the presence of anti-leptospira IgM antibodies using the Panbio IgM ELISA (Panbio, Inc, Brisbane, Australia) at the provincial hospital laboratory. Serum was diluted 1:100 in diluent provided with the ELISA kit; diluted serum was incubated with antigen-coagmicrowell strips for 20 min at room temperature (100 l/well). The wells were then washed with phosphatebuffered saline containing 0.05% Tween 20, incubated for 20 min with anti-human IgM peroxidase (100 l/well) and, washed again. This was followed by a 10-min incubation with tetramethylbenzidine substrate (100 l/well). The reaction was stopped by the addition of 100 l of phosphoric acid per well and the strips were read at 450 nm with a microplate reader. Results were interpreted according to the manufacturer's instructions. All testing was done at the MOPH laboratory.
Statistical analysis. Data entry was done with Epi-Info software (version 6.02; Centers for Disease Control and Prevention, Atlanta, GA). Univariate descriptive statistics and matched odds ratios were also calculated using Epi-Info. Multivariable, stepwise conditional logistic regression, using the SAS software system (Version 6.12; SAS Institute, Cary, NC), was conducted to determine independent risk factors for disease. Variables that were associated with illness in the univariate analysis were included in the multivariable model. Risk factors were examined for colinearity to determine which variables were co-dependent.
RESULTS
Surveillance review. In 1998, 262 suspected leptospirosis patients were reported to the Thai Division of Epidemiology, MOPH from the fifth public health region, which includes Chaiyapum, Burirum, Surin, Mahasarakam, and Nakornratchasrima. Most (84%) patients were farmers. The median age of these patients was 39 years old, and the male:female ratio was 7:1. The case fatality rate (CFR) was 10%.
Case-control study. During August to December, 80 suspected patients from Nakornratchasrima province were enrolled. Of these, 62 cases were confirmed by IgM ELISA. The mean age of these 62 cases was 37 years (median ϭ 36 yr, range ϭ 15-59 years). The male:female ratio was 9.3 to 1. Forty-five (72.6%) of the 62 cases were rice farmers, and six cases (9.7%) were farmers of crops other than rice. Three of 62 confirmed cases died (CFR ϭ 4.8%) from severe complications; because of cultural considerations, these cases were excluded from the case-control study.
Ultimately, 51 confirmed cases with two matched controls and eight confirmed cases with one matched control were included in the analysis. Results of the matched, univariate analysis comparing cases and controls are shown in Table 1 . Cases were significantly more likely than controls to have reported rice farming activities in wet fields for more than 6 hr/day (plowing, pulling out sprouts, transplanting sprouts, and fertilizing), walking through water, or having cuts on their feet in the two weeks before illness. Sowing rice seeds in wet fields for more than 6 hr/day, fishing, and not wearing boots were not significantly associated with illness. We also found that keeping a pet dog was significantly associated with controls (protective) in univariate analysis (odds ratio ϭ 0.4, 95% confidence interval ϭ 0.2-0.9).
To control for possible confounding factors and determine independent risk factors for disease, multivariable, stepwise conditional logistic regression was performed ( Table 2 ). The adjusted odds ratios suggested that cases were more likely than controls to have plowed, pulled out sprouts, or spread fertilizer in wet fields for more than 6 hr/day at any time in the two-week period before illness. Walking through water at any time in the two weeks prior to illness was also found to be independently associated with leptospirosis. Having a pet dog and having a rat-infested house were not significantly associated with illness.
For the study period, the incidence of leptospirosis patients was highest in October (Figure 1) .
Clinical review. The signs and symptoms reported by the confirmed patients are presented in Table 3 . All confirmed patients gave a history of fever at the time of presentation. The other two most commonly reported symptoms were headache and muscle aches. Headaches were reported to be acute and severe. Laboratory findings for the confirmed patients are presented in Table 4 . Because not all tests were performed on all patients, the denominators in the individual table cells represent the numbers of patients who had that laboratory test.
DISCUSSION
Leptospirosis is an endemic disease in Thailand. Most cases occur during the months of high precipitation, from June to December. 11, 12 In 1997, an epidemic occurred in northeastern part of Thailand, and the morbidity rate increased to 11 times the expected rate. 13 The epidemic continued in 1998.
The majority of case-patients identified in our study were rice farmers, and the risk factors for infection were the activities associated with this occupation. Rice farming has been previously identified to be a risk factor for leptospirosis. The finding of an association with certain rice-farming activities, but not with sowing seeds, can possibly be explained by the fact that there is less water in the fields at the time of sowing seeds. The activity of fertilizing is associated with abrasions and cuts from the vegetation, which may facilitate infection by Leptospira species; and similar to other studies, 1, 3, 4 we found that a history of cuts was associated with disease. Activities associated with dry fields, e.g., harvesting and preparing rice stalk bundles, were not associated with disease.
The risk factor of walking through water has been previously reported. 14 It is noteworthy that this risk factor remained independently associated with leptospirosis, even when the rice-farming activities were included in the analysis.
The ecology of leptospirosis in this region of Thailand, including the range and importance of various reservoir animals, is not completely understood. However, previous studies have implicated the rice-field rat (Bandicota indica). 15 We also found that the rice-field rats in the area of study to be infected with Leptospira species. Sundharagiati and others found that the prevalence of infection among rice-field rats in Thailand increased in the rainy season and peaked in No- vember, similar to the pattern in humans. 15 In our univariate analysis, we found that ownership of dogs might be protective against infection; however, this association did not remain following multivariable analysis. Ownership of dogs has been previously reported as a potential risk factor for leptospirosis. 14 The most appropriate environments for Leptospira species are water or mud with a pH range of 7.0 to 7.4, and a temperature range of 28ЊC to 30ЊC. The bacteria can exist in stagnant freshwater for months. 2 Previous studies by members of our team have shown that the characteristics of the water in the rice fields of this region are appropriate for the survival of leptospirosis: stagnant water, depth ranging from 5 to 10 cm, median pH ϭ 7.6 (mean ϭ 7.8, range ϭ 6.7-8.5) and a median temperature of 34.5ЊC (mean ϭ 34.2ЊC, range ϭ 30.0-37.0ЊC).
The finding of fever, headache, and muscle tenderness among the confirmed patients was similar to findings from other studies. 1 In our study, meningitis and jaundice occurred in approximately 7% of the patients. Kaufmann and Wenger found that 15% of aseptic meningitis patients in the United States were positive for anti-leptospiral antibody, emphasizing that meningitis is an important presenting sign among leptospirosis patients. 16 Leptospirosis remains a protean disease, and it is especially difficult to differentiate on a clinical basis from other causes of febrile illness in the tropics (where it may be confused with dengue fever, malaria, typhoid fever, and viral hepatitis.) Early suspicion and confirmation by indirect or direct detection assays is important to lowering the case-fatality rate and reducing morbidity. Confirmation of leptospirosis is an indication for treatment with antibiotics. Increased awareness of leptospirosis among physicians practicing in areas of rice-farming, active attempts to illicit specific-risk factors in patient history, and vigilance for signs of meningitis and jaundice should increase the detection of leptospirosis patients.
Efforts to reduce the exposure of rice-farmers to leptospirosis contaminated fields could include the use of protective clothing (rubber boots or gloves); however, such measures are frequently impractical in the tropics. Further study of the animal reservoirs, and the control of these reservoirs, may provide important information for the control of leptospirosis in this region. At this time, no commercially available vaccine exists for humans, though the identification of these high-risk groups and activities may provide future guidance for targeting vaccination or other prevention strategies.
